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Abstract 
Clean water is essential to our existence and problems might arise when it 
becomes contaminated with different pathogens, which might pose a threat to 
human health. Tap water is generally considered drinkable since it passes 
different forms of disinfection during processing. Some households have 
additional disinfection procedures, the most common one being the usage of 
charcoal filters, in order to further clean the tap water from both undesirable 
solvents and microorganisms. In the first independent study of this kind, we have 
tested tap water for bacteria from five different locations in Sarajevo, and we 
have tested the efficiency of charcoal filter in trapping of bacteria. According to 
regulations in Bosnia and Herzegovina, there should be 1 colony forming unit 
(CFU) per 50ul of water sample, which was satisfied in only one location from 
Sarajevo, while one had significantly higher levels (6.7, p val. 0.0148). Overall, 
the charcoal filter has decreased the number of bacteria in the water, with the 
exception of one sample. 
 




Water comprises 75% of the human body and makes about half of the volume of every cell [1]. Roles of water 
range from being a building material, nutrients carrier, reactant, lubricant, reaction medium and solvent [2]. 
Due to these and our regular daily need for water, it is crucial for drinking water to be clean of pathogens, yet 
lack of clean water is one of the biggest challenges humanity will have to face in the future [3]. 
Besides developing countries where the lack of tap water may be apparent, many other regions of the world 
are familiar with the tap water for more than a century [4]. Even though it is mostly considered as a drinking 
water, it may not always be the case, which is why certain purification and sterilization methods can be 
implemented in order to make the water potable [5]. Millions of microorganisms inhabit the water and they 
can be harmful or harmless [6]. The presence of such organisms in water may be due to water systems that 
sometimes host bacteria or due to contamination of tap water sources [4]. 
 HSD Vol. 2, No. 2, July 2020, pp.100- 107 
101 
1.2. Pathogens 
Pathogens are microorganisms which can cause the disease. Many microbial inhabitants are present in our 
organisms but are in fact beneficial, and some might cause trouble only in cases of weakened immune systems 
or penetration into sterile parts of the human body. On the other hand, devoted pathogens do not depend on 
injury or weakened immune system because they have mechanisms which enable them to overcome 
biochemical and cellular in order to proliferate [7].  
Pathogenic organisms are of five main types: viruses, bacteria, fungi, protozoa, and worms [8]. The focus of 
this article is on bacteria. As pathogens get transmitted, they penetrate into their host and multiply until 
infected host starts to show symptoms, including flu, fever, ineffective cough and others [9]. Some organisms 
that may be found in tap water are Escherichia coli, Vibrio cholerae, Vibrio parahaemolyticus, Salmonella 
enterica and Shigella. Diseases developing from these bacterial agents range from Cholera, Gastroenteritis, 
Typhoid fever, severe salmonellosis, bacillary dysentery or shigellosis, Acute diarrhea and gastroenteritis [6]. 
The concerning issue of today is whether the maintenance of water supply systems is appropriate, since it can 
result in an outburst of waterborne diseases because there are over 500 pathogens in tap water that could pose 
a potential risk [10]. Bacterial growth and interactions in tap water are regulated by many factors, including: 
type and concentration of available organic and inorganic nutrients, type and concentration of residual 
disinfectant, presence of predators, such as protozoa and invertebrates, environmental conditions, such as 
water temperature, and the spatial location of microorganisms [7]. 
1.3. E. coli  
Apart from the general focus on bacteria, this study focuses more specifically on E. coli. It is a Gram-negative 
bacterium which belongs to the group of facultative pathogens and is mostly present in feces and colon. What 
distinguishes it from two usual intestinal pathogens Salmonella and Shigella is its property of being lactose 
fermenter [8]. Most of E. coli strains are usually harmless but in cases of water or food contamination some 
serotypes can cause of food poisoning, including O157:H7 and Shiga toxin-producing E. coli [7], [11].  
Diarrhea and abdominal pain are the main symptoms of bowel infection but it may lead to even more serious 
cases such as kidney failure, dehydration or even bloody diarrhea [12], [13]. Not all people react same to 
invasion of pathogens and those who have bigger tendency to be affected by E. coli-related illness are people 
with low stomach acid, weakened immune system, young children and older people. Immune system of these 
categories of people may struggle to fight bacteria due to various reasons but most people make a full 
recovery within a week. However, there is a risk of developing hemolytic uremic syndrome (HUS) among 
young children and older people which can cause anemia, ischemia or kidney failure and even though the 
percentage of risk is around 10%, it may be fatal in 3% to 5% of patients [14]. 
1.4. Water treatment 
Human and animal waste are main sources of E. coli which may end up in the sources of drinking water  
during snow melts or rainfalls [15]. In order to provide drinkable water, tap water goes through different 
processes to get rid of pathogenic bacteria and viruses. This may be done with help of chemicals or radiation 
but public water treatment systems mostly use chemicals. Through chlorination many microorganisms in 
water get killed but not all pathogens are affected, which is the reason why for some water treatment facilities 
use ultra violet radiation or additional filtering in order to totally remove all pathogenic bacteria and viruses 
from drinking water [9]. 
1.5. Active charcoal filter 
In order to cope with water that is not completely clean, many household water treatments were established, 
including: coagulation, flocculation, and sedimentation; filtration; chemical disinfection; and disinfection by 
heat, ultraviolet radiation, or solar radiation [16]. All of these treatments have some kind of limitations which 
can be overcome by combining more of them in order to increase effectiveness [17].  
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In this study, we are focusing on active charcoal filters which are commercially available and can be used in 
households. The active charcoal filter will absorb some of the pathogens, though the problem might occur 
when the charcoal rapidly develops a biofilm [17]. 
1.6. Aim of the study 
The aim of this study is to test for the presence of bacteria in tap water from different locations in Sarajevo 
and to see whether it is according to a standard. Additionally, the aim is to see how effective is the charcoal 
filter in cleaning the water from bacteria. To our knowledge, this is the first independent study of this kind in 
Sarajevo area. 
2. Materials and methods 
All processes that required sterile environment were done in laminar flow hood (Scala, Germany). All 
procedures were done three times (sample collection, colony enumeration, and gram staining). The data was 
analyzed using Microsoft Excel. 
2.1. Sample collection 
Five tap water samples were collected three times from five different locations in Sarajevo: Koševsko brdo 
(43.866136/18.404271), Nedžarići (43.844799/18.342110), Otoka (43.852597/18.365266), Hladivode 
(43.878334/18.451547) and Ilidža (43.821749/18.309133). The samples were collected in sterile tubes to 
prevent any additional contamination. 
2.2. LB agar plates and LB medium preparation 
We have used a protocol that was adapted from Sambrook & Russell for the preparation of Luria Bertani 
medium: for 1 liter of liquid LB medium we mixed 10 g of tryptone, 5 g of yeast extract and 10 g of NaCl 
with distilled water in autoclave bottle. Additionally, for solid LB agar plates we have also added 20 g of agar. 
After preparing solutions, we have mixed them by shaking in order to avoid caramelization of powder in the 
autoclave. The pH of both liquid and solid LB media was adjusted to 7 prior to autoclaving. After the 
autoclave, the solution containing agar was left to cool to 55° C, poured into sterile petri dishes, left to cool at 
room temperature, covered with parafilm and stored at 4°. 
2.3. Inoculation of agar plates 
Shortly after collecting all the samples, we pipetted 50 μl of water from each sample and spread it on agar 
plates which were then labelled and incubated at 37° C for 24 hours before enumeration. The same procedure 
was done the second time, after the samples were filtrated through the charcoal filter. 
2.4. Colony forming units enumeration 
For colony forming units (CFU) enumeration, the standard plate count method is used. In standard plate count 
colonies of bacteria can be seen with the naked eye and can be easily counted. The same counting method was 
used for both tap water and filtered water. For the analysis of the CFU enumeration, z-test has been performed 
against the maximum allowed 1 CFU per sample. 
2.5. Filtration of the water 
Samples were filtrated using the commercially available household filter ‘Britta’. 15 ml of each sample was 
filtrated with Britta filter and filtrated water was collected into the sterile tubes. This sample is later spread 
over the agar plate. 
2.6. Preparation for Gram staining 
After bacterial culture enumeration on agar plates, bacterial colonies were transferred to liquid LB medium by 
precise picking with inoculating loop in order to avoid the touching of solidified agar. 
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Three different gram staining solutions were produced using a protocol from Cornell university 
(http://compost.css.cornell.edu/preparing.html). Crystal violet is prepared by dissolving 2g of crystal violet in 
20 ml of 95% ethanol. To the first solution, 80 ml of 1% Ammonium Oxalate is added. The solution was 
filtered and stored in the fridge. For gram iodine, 1 g of Iodine and 3 g of Potassium Iodide is added to 300 ml 
distilled water. This solution is stored in an amber bottle in the fridge. Safranin is prepared by adding 2.5 g of 
safranin to 10 ml of 95% ethanol. Also, 100 ml of distilled water is added. The solution was filtered and stored 
in the fridge. 
2.7. Gram staining procedure 
This procedure allows the differentiation between Gram-positive and Gram-negative bacteria using crystal 
violet-iodine complex and safranine. The cell wall of Gram-positive bacteria absorbs crystal violet and gram 
iodine complex after the treatment with ethanol, decolorization, and look purple, while Gram-negative 
bacteria after this procedure appear pink. 
The protocol for this method is adapted from Cornell university [18]. Bacteria were taken from the liquid LB 
medium with the inoculation loop and smeared on the slide. The sample is dried using a Bunsen burner and 
exposed to three gram staining solutions separately. Firstly, to crystal violet with waiting time of 20s and 
cleaning with distilled water for 2s. Then to gram iodine with waiting time of 60s and slow washing with 95% 
ethanol. Finally, the sample was exposed to safranine with waiting time of 20s and cleaning with distilled 
water for 2s. 
3. Results 
3.1. Colony forming units enumeration 
CFU from each location and from each sample, as well as their means are shown in table 1. The highest 
average number of CFU is in Ilidža, followed by Koševo, Nežarići, Hladivode, and Otoka. It is noticeable that 
sample 2 has the smallest number of CFU compared to other samples. During its collection, there were major 
reparations of public water supply in Sarajevo and there was additional chlorination performed. 
 
Table 1. CFU from all locations/samples 
Locations Sample 1 Sample 2 Sample 3 Average 
Nedžarići 11 2 7 6.67 
Otoka 2 0 0 0.67 
Ilidža 60 0 25 28.33 
Hladivode 5 0 2 2.33 
Koševo 46 0 20 22.00 
 
Fig. 1 shows the average CFU per each of the five locations in Sarajevo, compared to the allowed health 
standard in Bosnia and Herzegovina, according to drinking water quality standards found in ''Pravilnik o 
zdravstvenoj ispravnosti vode za piće'' [19]. The allowed number of CFU is 20 per 1ml, or 1 per 50ul, the 
amount used in our samples. Out of five locations, only the average value of one (Otoka) is below the allowed 
threshold, while the second one (Hladivode) is relatively close to the limit. Other three locations are well 
above the limit, with Nedžarići having a significantly higher CFU compared to the maximum allowed number 
(p value 0.0148), while Ilidža and Koševo are near the threshold of significance level (p values 0.0581 and 
0.0574, respectively). 
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Figure 1. Average CFU compared to the standard CFU 
3.2. Gram staining 
Fig. 2 shows the difference in the types of bacteria present across different locations in Sarajevo. Samples 
from all locations contained gram-negative bacteria, while all except Otoka contained gram-positive bacteria. 
Otoka is the only location which contained only gram-negative bacteria. 
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3.3. Filtration 
Fig. 3 shows the mean values of CFU from 5 locations in Sarajevo compared to their filtered counterparts. It is 
noticeable that using the Britta filter decreased the number of CFU in 4 out of five samples. In one case, 
Nedžarići, there were more CFU in filtered water, compared to the regular water. 
 
 
Figure 3. Comparison of CFU for regular and filtered tap water 
4. Discussion and Conclusion 
Our results show that there is a large difference in the microbiological water quality from different locations in 
Sarajevo. The allowed limit the number of CFU is 1 per 50ul of water sample (or 20 CFU per 1ml of water 
sample). Overall, only one location satisfied the allowed limit for the number of CFU per sample of water – 
Otoka (0.67), and it is closely followed by Hladivode (2.33). Other locations – Nedžarići, Koševo, and Ilidža – 
show substantially higher levels of CFU – 6.67, 22, and 28.33, respectively – which is well above the allowed 
limit. Further analysis is needed to conclude whether different water sources or damaged water supply system 
is the reason for higher contamination in some locations. If the integrity of the water supply system is 
decreased in certain parts, then the contamination is most likely coming from the soil through the cracks. 
Water samples have been collected three separate times and the absence of bacterial cells during the second 
sample collection is noticeable, with the exception of sample from Nedžarići (2 CFU per 50ul). During this 
time, KJKP VIK Sarajevo (water utility company in Sarajevo) implemented repairs in water supply system 
and added more chlorine to the water which may be the cause for the absence of bacteria. Repairs on water 
supply system are common in Sarajevo, which is the reason why we have opted to use the data and we have 
not replaced it with additional measurements when the repairs are not being conducted. Since repairs are 
common, we believe that this data represents a more accurate and more common scenario for the tap water 
quality in Sarajevo. 
In terms of the type of bacteria present in water samples across Sarajevo, gram-negative, including the E. coli, 
were the dominant ones (70.6% average across all location), while gram-positive bacteria were less present 
(29.4% average across all locations). Some of these bacteria were morphologically different than the E. coli, 
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In general, commercially available charcoal filter can help decrease the number of CFU in tap water. After the 
filtration, two water samples were in accordance with the health regulations of Bosnia and Herzegovina 
(Otoka – 0 CFU, and Hladivode – 0 CFU), while three others were still considerably above the allowed 
threshold (Nedžarići – 12 CFU, Ilidža – 13 CFU, Koševo – 17 CFU). Additional analysis might be conducted 
on water samples in order to measure the levels of chlorine and study their correlation to the levels of bacteria 
present. 
Our data suggest that, while the charcoal filter may help reduce the number of bacteria in tap water, chemical 
disinfection of public water supply with chlorine (combined with additional filtration) is not always enough to 
have desirable health standards since some locations in Sarajevo have significantly higher bacteria levels than 
the maximum recommended health standards. The quality of the water supply system is most likely an 
important factor to consider, as well as sources of water for different locations, which is why additional 
measurements (on additional locations) as well as the analysis of chlorine levels might bring further insights 
into both the water quality and the integrity of the public water supply system of Sarajevo. 
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